Recent progress in gauge field theories has led to a new perspective on the structure of matter and basic interactions at short distances.
1.

INTRODUCTION
In the past few years there has been extraordinary progress in the understanding of the structure and interactions of matter at short dis- 
The interactions of this theory (see 
where the error in parentheses indicates errors due to theoretical uncertainties (radiative corrections, etc.). 
For Q2 2
>> m e, ~(9~) --(1/3T) log Q2/mz so the effective coupling a(Q2) increases at large Q2. In the case of QCD the vacuum polarization diagrams involving gluon self-coupling (see Fig. 6 ) actually reverse the sign of
as long as the number of quark flavors (n,) is less than 17. Thus for very large Q2, the strong interaction coupling constant ~1~ = gi/4T is given by (Q2 >> A2)
The fact that the coupling constant decreases at large Q2 (see Fig. 7 The lepton decay rate is rT -+ e+e-
The measured ratio for r T -t had/I'T -f e+e-then implies as(Q2 = 4) = (16) 
0.14 C 0.01 where the error indicates la accuracy. (18) and $,, is an antisymmetric 5 x 5 matrix with entries for eL, + (u,d)L and -(3,.
The gauge bosons correspond to the set of (24) 5x 5 traceless matrices -----i= (19) The X and Y vector bosons have color and fractional charge and couple quarks to leptons! Since charge is a generator of SU(5), $QJ, = tr Q = 0, and the sum of the charges of the constituents in any representation must be zero; i.e., 34, + Q,+ = 0; this naturally explains the equality of lepton and baryon charges.
The basic scenario of SU (5) is then as follows (see Fig. 10 ). At momentum transfers Q2 much larger than 4 and 6 all particles can be treated as massless and SU (5) (2) Because of the X and Y couplings, baryon number is not conserved, although baryon number minus lepton number is still a conserved quantity ^.
in SU(5).
The proton is thus unstable, and will decay into channels such as p -f e+Tr' (see Fig, 12 ). The predicted proton decay rate is proportional to the grand unified scale to the fourth power and thus has a large un- In addition to SU(5) other grand unified theories have been proposed.
All such models have profound implications for the evolution of the early universe, l9 which would be expected to trace through the various symmetry phases, starting with a hot soup of massless quarks, gluons, W, X, etc.
A possible connection of the baryon excess nB -nB in the universe to CP violation is also possible.20y7$11
The grand unified models also evidently predict large rates for the production of free magnetic monopoles in the early universe.
In'many grand unified Fig. 14) . In some models n * n oscillations are also predicted. 10. The approach to equality of the SU(3), SU(2), and U(1) gauge couplings in the SU(5) grand unified theory.
11.
Symmetry breaking pattern in SU(5).
12. Origin of the baryon decay in SU(5).
13. Diagram leading to double S-decay in nuclei. 
